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Introduction and Historical Background 
It is the purpose of this report to present a clinical appraisal of 
primary hyperparathyroidism as it has been encountered at the Yale- 
New Haven Medical Center, Material was examined with the hope that 
suggestions might be made for more effective methods of diagnosis and 
treatment. In this regard some importance has been placed on the 
natural history of the disease as it has been experienced in this center. 
Primary hyperparathyroidism is a disease condition wherein more 
parathyroid hormone is manufactured than is needed,^ and this leads to 
both obvious and obscure pathophysiologic manifestations, Even though 
the latter statement would be acceptable today, we would necessarily 
be forced to grant that this knowledge has not been available to us for 
very many years. It was in 1830 that Ivar Sandstrom gave the first des¬ 
cription of the very existence of the glandulae parathyreideae, ^ Gley 
redescribed them in 1891, and both he and Vessale and Generali in 
1896*^ independently performed extirpation experiments to prove that 
it was the removal of the parathyroids and not the removal of the thyroid 
that caused the condition called tetany. In 1891, quite unaware of the 
fact that he was contributing to the field of parathyroid disease, von 
Recklinghausen described sixteen cases of skeletal disease which he 
called osteitis fibrosa cystica.^ Three of these cases are generally 
accepted as primary hyperparathyroidism, and it is interesting that he 
described the presence of a large red-brown ’’lymph gland" in the neck 
of one of these three patients. Thirteen years later in 1904 Askanazy 
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reported a case of this bone disease in a woman who also had a tumor 
go 
of one of her parathyroids However, this concept had to be reen- 
forced before it was noticed, just as so many other new scientific 
thoughts. This contribution was made by Jacob Erdheim in 1906 and 
1907, who suggested that a relationship existed between the parathy¬ 
roids and calcium metabolism, because he noted that the teeth of his 
parathyroidectomized rats crumbled^3, and because there seemed to 
be an association between osteomalacia, rickets and enlargement of 
the parathyroids®^. Schlagenhaufer went a bit further in 1915 and said 
that single parathyroid tumors could be the primary cause of osteitis 
86 fibrosa cystica . The final step came in 19Z5 when Felix Mandl re¬ 
moved such a tumor from a thirty-eight year old pensioned streetcar 
conductor who had had white sediment in his urine and clear bones with 
, , 74 
cysts for four years , The patient improved even though he was des¬ 
tined to be stricken a second time several years later^. Such was 
the European approach to the problem. 
In this country as early as 1909 MacCallum and Voegtlin commented 
on the relationship between the parathyroids, calcium metabolism and 
73 
tetany . In 19Z5 Collip actually extracted an active principle from the 
34 glands , and one year later he found that the serum calcium was ele¬ 
vated in dogs to which he gave excessive doses of his extract3^. In 
1929 Barr and others reported the successful treatment of a case and 
they used the term hyperparathyroidism for the first time*2. Although 
'i&C ivt * tar- O'--Is C-t'Vs .r> ni oatirrk t>.;; :;idl \v « bsdTOqd* 
- ’ - • V - '■ < • . . • . ' 
>iiiitu>s9z w*a yir*. n as la*. i, , >9^,i;or; «*w Hi atolad faooici 
faff* dOP i ni miadbtC: dooat yd »b*m a*w acttadhtiaoo eidT , aidjpodi 
« <{ri)*T*q sHi neav/lod b&Ssixa qldnjnoifalv? * JsrfJ b«|a&pv/ d cry 
.i lo Ji*dl ftiis ifcdt . *>ft siiiix -' ' * mnloiso ..ft* 
<.3 ,•• ~ -iv •:■ v: • ■,;: . • ^ ;<♦ :ifttO 9U&1 bOSifCeOloofa 
io inam^gi*! a ™.n* :la;iftfct tsioj&JLiiMo*) ito aaswlatf aoiJoJtooe r.& oc 
faint fair* 2I9X ni •saxlmnl lid * icav lol&rftrf nogaldoS , ^ ® abio jrydl*n*q 9*1 1 
ai Hsiao io »a *t> ^umh(. ->rCt -ad blcoo ct u ■ 1 faio*xydl**ao oigiTia JarlJ 
- '« . xi 
'issfaaila ©coxa ;©c So ?&o\ xdyia- r.'OTlt tonurl s doua faavoxn 
-ivx./ &sncd i£9l\ bos »nirxv aid ni it w bsd faad odw loionfanoD 
- -■•>/ rU novo be mi in»il*q odT ,^tT*©y Tirol itl «iay:» 
asw don3 e-iftsy laiovoa ©mil bnoooa * nodoirla ad cl bd&il 
. i .aide. £» *w I : c'^aoioqr. naoqosi? i a*:4 
boin^mxnoo alii%*oV fan* xnx/UaODcM POP I a* \It#o a* ynlu/oo aid! xil 
bn* mailodatoxri mxixoJUo ^oioiyriXE-xac* w. : y? . no 
£T ■ *.yJ ‘V •:. . • b ■:•:•• ■ r'© J'.x» %:iic <•:.„• i . !. . ' 
ni .^^3j*Tdor» aid lo eoaob ©• ftirfw oi ajof* ni faai*v 
feu* oeno t lo 3xrt»in2ss*xl inlaaaao'.ra ad; .'•>nc,'.;>i **©d|o bu» it* ft Wfi 
: :.y. .: . •"• - •. < l \. i ' r;' .v - (rf .-.■ T*; ■:. ■ s ■ *» f: r ■ r,; 
• 3 — 
the case of Captain Mart ell occurred prior to this it was not reported 
until a year later. However, the latter case was unique in that it was 
the first time a sternum had been split to extract the offending tumor 
52 from the mediastinum . The history of contributions to the understand¬ 
ing of this disease is far more extensive than the outline given here, 
and certainly more information is being accumulated. 
From the physiologic point of view we know of two actions of the 
parathyroid hormone or hormones, and it is granted that there may be 
actions other than these. Albright and Reifenstein believed that excess 
hormone somehow made phosphate more readily excreted by the kidney 
and upon this there followed a derangement of the calcium-phosphorus 
equilibrium and subsequent resorption of calcium-phosphate salts from 
4 
the bone . It is now known that parathyroid extract acts directly on bone 
and causes it to release calcium salts * * . Second, the hormone 
acts on the kidney and inhibits the tubular reabsorption of phosphate so 
as to increase the clearance of phosphate and to decrease its level in the 
serum * * . These are the more generally accepted mechanisms, 
but there are certainly numerous other theories still being considered. 
For example, a recent report suggests that magnesium chloride and po¬ 
tassium chloride are capable of desensitizing the body to certain toxic 
effects of the parathyroid hormone, particularly its ability to cause soft 
tissue calcification^. More information about the pathophysiology and 
etiology will be presented as the case studies unfold. 
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The Natural History of Hyperparathyroidism 
from the Clinical Point of View 
In the period from 1931 through 1958 the diagnosis of primary 
hyperparathyroidism has not been commonly made at this center. Dur¬ 
ing this time 25 cases have been encountered at the Yale-New Haven 
Medical Center* and in all but one of these the diagnosis was proven 
by microscopic examination of tissue found at surgery or autopsy. Ref¬ 
erence will also be made to six cases in which the diagnosis was highly 
probable but not proven because of insufficient follow-up or for other 
reasons. In an additional five cases definite parathyroid adenomas 
were found at postmortem, but it was impossible to make a clinical eval¬ 
uation of these cases. It has been pointed out in several reviews that 
many more diagnoses have been made in recent years'^* °°. How¬ 
ever, this has not been the case at our center. Of the 25 cases, ten 
were seen between 1931 and 1939; five were seen between 1940 and 1949; 
and the last ten were seen from 1950 through 1953. It is interesting that 
no cases were diagnosed or treated from 1941 through 1944, which were 
the World War II years for the most part. One might speculate that 
physicians interested in this problem were away, or that during war 
years people might be less apt to present themselves with some of the 
seemingly minor symptoms that these patients often experience. 
Considering the size of other series, this condition is probably 
more common than the size of this study indicates. However, no estimate 
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has been possible as to the actual incidence of hyperparathyroidism. 
It has been suggested by Wilder and Howell that a greater incidence of 
the disease is to be found in the North Atlantic states and Scandinavia 
96 
than in some other areas , They postulated that embryonic cells or 
cell rests in response to a lack of vitamin D proliferate to form an ad¬ 
enoma which is often functional* and the geographic distribution follows 
since persons living in these areas presumably get less sunshine. Al¬ 
though most authors indicate that more women have hyperparathyroid- 
k «jc "tq qa qt 
ism than mea'* 70 some studies suggest that the sexes are 
affected equally*^* In this study there were 13 females and 12 
males* but weight must be placed on larger series of patients and most 
of these show a preponderance of females. 
It has been demonstrated that hyperparathyroidism may occur at 
almost any age from childhood to old age* but it is most common in the 
53 96 
thirty through fifty age group * . This group agrees essentially with 
this statement. The range of ages in the females was 28 years through 
72 years of age, and in the males from 37 to 82 years of age. The 
average age of both groups was 48 years and most cases fell between 
the ages of 35 and 55. There were only two cases over the age of 67, 
one of which was 72 and the other 82 years of age. It is rare to find the 
disease in patients this old; however, the data indicate that they probably 
had it for many years before the diagnosis was made. 
With respect to the duration of symptoms* it must be said that 
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duration means the length of time between the onset of symptomatology 
and surgical treatment or death. This is obviously inaccurate since the 
disease may have been present long before symptoms began. However, 
this is some indication of our progress in diagnosis so it is useful. The 
ultimate aim, of course, is diagnosis as early as possible so as to avoid 
complications which may become chronic. Renal invdvement is impor¬ 
tant in this respect since hypercalcemia, which is present from the be¬ 
ginning, leads to precipitation of lime salts in the cells and lumen of the 
proximal convoluted tubule, and this takes place in a ground substance 
of mucoprotein possibly derived from bone matrix^. This is a continuous 
process unless its underlying cause is stopped. The duration of symp¬ 
toms in this group varied from six months to 29 years with an overall 
average of five years and ten months. Hellstrom gave similar figures^. 
Shelling has pointed out that renal involvement due to precipitation of 
90 
calcium salts usually becomes apparent before involvement of bones , 
and more recent studies indicate that as the diagnosis is being made ear- 
lier now, less and less patients are being seen with bone disease1"''. In 
this study, those with only evidence of renal disease had an average dura¬ 
tion of symptoms of five years and ten months while those with bone dis¬ 
ease as well had their symptoms about a year longer. 
Hyperparathyroidism is noted for its multiplicity of symptoms, 
some of which may be quite obscure, especially when they occur alone. 
However, some order may be made from all this and symptomatology 
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may be considered from the standpoint of etiology and of occurrence in 
time. Chronologically, the disease may be divided into the period of 
inception, the period of early complications, the period of advanced 
complications, and the period of irreparable and lethal damage. Most 
authors consider this same thing in another manner by discussing symp¬ 
toms of hypercalcemia, which can occur throughout the four above-men¬ 
tioned periods, renal symptoms, and symptoms of bone disease. The 
fetter two can occur separately or together, but, as we have already seen, 
renal disease usually precedes bone involvement, which may never 
occur depending upon the patient's diet. These considerations are im¬ 
portant since the amount of renal damage present seems to determine 
the ultimate prognosis^. While the bone disease will regress, nephro- 
calcinosis and renal damage will not. 
Symptoms and their frequency must be considered in the light of 
which disease processes are in prominence. For example, the 25 pa¬ 
tients in this series had the following: one patieht had only mild osteo¬ 
porosis; one patient had osteitis fibrosa cystica and minimal renal in¬ 
volvement; five had only renal disease; five more had renal disease plus 
osteoporosis; twelve had renal disease and severe bone disease; and one 
patient had no evidence of renal impairment or bone disease. The large 
number of patients seen during the period from 1931 to 1939 would pro¬ 
bably explain the large number of patients with significant bone disease. 
The patients seen most recently would not be expected to show as great 
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an incidence of skeletal involvement. 
With respect to signs and symptoms, stress was originally placed 
on bone disease13, Later, signs of renal dysfunction such as polyuria, 
50 
azotemia and calculi were recognized . Even though the occurrence 
of gastrointestinal symptoms was recognized early-*, it was not until 
more recently that the frequency of them was appreciated^3. In fact, 
St. Goar urges that gastrointestinal symptoms are clues to early diag¬ 
nosis and that common complaints such as constipation and intractable 
peptic ulcer should be worked up with the diagnosis of hyperparathyroid¬ 
ism as one of the possibilities. In this study a large number of patients 
(ten) had chronic constipation, and two or eight percent had peptic ulcer- 
ation. This agrees substantially with the work of others"* * . These 
and other gastrointestinal symptoms such as anorexia, nausea and vomit¬ 
ing are believed to be due to visceral atony secondary to hypercalcemia 
There was one instance of pancreatitis post operatively which Cope be¬ 
lieves is due to hypercalcemia which leads to the formation of pancreatic 
calculi, ductal obstruction and pancreatitis3^. After removal of the 
parathyroid tumor this type of pancreatitis tends not to recur. St eat or r- 
hea is also mentioned as a rare associated symptom . 
A large number of patients had symptoms and signs referrable to 
the skeletal system, but this reflects the disease as seen 20 years ago 
for the most part. Eight patients had spontaneous fractures; thirteen 
had pain in the lower extremities, ten had other bone or joint pain; and 
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six had spine deformities. The patients who had severe skeletal disease 
also had the most severe damage. 
In this study, as in just about all others, the most prominent symp¬ 
toms were those related to renal disease. Polyuria, in particular, is a 
common finding in hyperparathyroidism, and it is thought to be due to a 
loss of function of the second part of the distal tubule and of the collect¬ 
ing tubules which diminishes the reabsorption of water. This is inde- 
pendent of obvious structural damage . Polyuria and polydipsia occurred 
in nine patients; nocturia, pyelonephritis and demonstrable calculi in 
twelve, and renal colic in fifteen patients. Fifteen patients had hyper¬ 
tension ranging from 130/95 to 230/140. Of these*twelve had disturbance 
of renal function manifested by a nonprotein nitrogen (NPN) over 40 milli¬ 
grams percent or a phenolsulfonphthalein (PSP) excretion of 60 percent 
or less in two hours. Fourteen of the above-mentioned patients who had 
infection and/or stones had hypertension, but only ten of these had 
measurable signs of impaired renal function. Although the degree of 
renal damage seems to be related in a major way to the presence of hy¬ 
pertension, it does not appear to be the only factor since some of those 
with sfevere infection or renal stones, who did not have measurable renal 
damage, also had hypertension. Four additional patients had signs of 
renal failure. 
This series also demonstrates a high incidence of some of the more 
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general symptoms. Nine patients load weight loss of ten pounds or 
more in the year before treatment, and twelve patients had severe 
lassitude and fatigue. As a consequence of hypercalcemia, eleven pa¬ 
tients complained of muscular weakness; nine had arterial calcification; 
and one had calcification of the soft tissues of his fingers. One patient 
died of a dissecting aneurism of the aorta which was heavily calcified. 
There were no instances of band keratitis or calcification in the lungs, 
stomach, or cerebral hemispheres *9 . Three patients had mental 
changes characterized by confusion, anxiety and irrationality . These 
changes are believed to be due to hypercalcemia and all three patients 
had average serum calcium levels above 13 milligrams percent. Three 
patients had evidence of a hypochromic anemia, but in addition to the 
expected bone disease which supposedly encroaches on the marrow space » 
these patients also had evidence of impaired renal function which con¬ 
fuses the issue. Only two patients had electrocardiographic evidence of 
shortening of the QT interval although it is supposedly quite common . 
Up to this point, the manifestations discussed have been those of 
a chronic nature. One of the more interesting aspects of hypercalcemia 
and hyperparathyroidism is that the disease may assume an acute form. 
Hewson has reviewed this problem and he points out that most cases are 
acute exacerbations of chronic parathyroid disease and that a high calcium 
intake and immobilization seem to play a part^. It may also be precipi¬ 
tated by stress such as surgical procedures, and in one reported case it 
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occurred in a patient who had a biopsy of the submaxillary gland, It 
is characterized by the sudden onset of anorexia, nausea, vomiting, 
weight loss, drowsiness, abdominal pain and azotemia. Impaired renal 
function and also electrocardiographic findings of a shortened GT inter¬ 
val and virtual disappearance of the ST segment are characteristic. One 
mechanism of death is cardiac arrest in systole. This center has had 
experience with one such case in a 39 year old man who presented be¬ 
cause of the sudden onset of severe epigastric pain, nausea, vomiting 
and diplopia. It took a few days to establish the diagnosis of hyperpara¬ 
thyroidism and during this time the patient's condition deteriorated rapid¬ 
ly," he became more and more obtunded and his NPN rose steadily to 
122 milligrams percent. Hie serum calcium levels ranged between 13 
and 20 milligrams percent and the serum phosphorus between 3.7 and 
5.4 milligrams percent. Surgery was performed as soon as the patient 
could be prepared properly and a large chief cell adenoma weighing 7.9 
grams was found. Postoperatively the man did well with remission of 
all symptoms and a return of his NPN to normal levels. It should be 
noted that he had had symptoms of parathyroid hyperfunction for at least 
a year before his acute attack. This patient might very well have died 
from this process had it not been recognized. 
The clinical behavior of hyperparathyroidism may be unique in 
another manner, and that is that a patient may present with other endo¬ 
crine gland adenomas. Underdahl and his colleagues have reported eight 
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cases in which there was an association of adenomas in the parathyroids, 
pituitary and pancreatic islets^. Of the 25 proven cases here, four had 
thyroid adenomas as well as parathyroid adenomas, and one of these also 
had a coexisting pheochromocytoma, an association which has not been 
reported to my knowledge. There was also one case in which there was 
an associated basophilic pituitary adenoma. 
The lesson to be learned from a discussion of the natural history 
of hyperparathyroidism from the clinical point of view is quite simple. 
Our aim is early diagnosis and treatment so as to avoid permanent se- 
quellae and this will only follow if we have a high index of suspicion when 
certain signs and symptoms are presented to us. Renal symptoms lead 
the list and suggestive manifestations would be polyuria, polydipsia, 
nocturia, renal colic, infection, hypertension and calculi. Hellstrom 
reviewed the subject of calculi and stated that hyperparathyroidism pro* 
55 bably exists in from three to eight percent of those with renal stones 
In this study 92 percent of the patients had some renal symptoms. Al¬ 
though 76 percent of the patients had skeletal symptoms, the incidence 
should become less. However, bone pain, especially in the legs, patho¬ 
logic fractures, giant ceU tumors, and the development of kyphosis should 
be followed up with diagnostic tests. Unexplained weight loss, lassitude 
and fatigue should make one include this disease in the differential. Gas¬ 
trointestinal symptoms such as chronic constipation, abdominal pain, 
nausea and intractable peptic ulcer are early manifestations which should 
- 
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be a help as well. Sixty percent of the patients here had such symptoms. 
Finally, any persons with any evidence of soft tissue calcification, es¬ 
pecially the young or middle-aged, should be subjected to diagnostic tests. 
If the large increase in the number of diagnoses made in recent years 
by other groups is to be taken seriously, the attitude at this center should 
be that diagnoses are being missed and that the index of suspicion should 
be higher. 
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TABLE I. 
FREQUENCY OF PARTICULAR SYMPTOMS OR SIGNS 
General Symptoms No. of Patients Incidence 
Weight loss (10 lbs. in past year) 9 36% 
Lassitude and fatigue 11 44% 
Hypochromic anemia 3 12% 
Symptoms Due to Hypercalcemia 
Hypotonia and muscle weakness 11 44% 
Chronic constipation 10 40% 
Abdominal pain (epigastric) 4 16% 
Anorexia 4 16% 
Nausea and vomiting 4 16% 
Peptic ulceration 2 8% 
Abnormal EKG 3 12% 
Arterial or other calcification 10 40% 
Mental changes 3 12% 
Parathyroid crisis 1 4% 
Renal Symptoms 
Frequency 2 8% 
Polyuria and/or polydipsia 9 36% 
Nocturia 12 48% 
Pyelonephritis 12 48% 
Renal colic 15 60% 
Renal* ureteral* or vesicle calculi 12 48% 
Hypertension 15 60% 
Renal failure 4 16% 
Skeletal Symptoms 
Fractures 3 32% 
Kyphosis and collapse of vertebrae 6 24% 
Leg pain 13 52% 
Spine* other bone* or join pain 10 40% 
TABLE II. 
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Diagnostic Methods and Differential Diagnosis 
Over the years a number of diagnostic tools have been brought 
into existence, but the perfectly reliable and specific test has yet to be 
invented. This leads to the unfortunate conclusion that, in many cases, 
especially the early ones, it may be extremely difficult to substantiate 
the presence of parathyroid hyperfunction. Probably the most impor¬ 
tant diagnostic aid is a high index of suspicion in the first place giving 
careful attention to a history of any of the signs or symptoms mentioned 
in the section on clinical behavior. Vigorous follow-ups are a necessity. 
With relation to the clinical history, radiologic examinations are 
of some help in establishing the degree of development of the disease 
and, as such, are adjuncts if we are cognizant of the natural history of 
hyperparathyroidism. In 1931 Camp and Ochsner and more recently 
Pugh outlined the various roentgenologic findings seen in this disease, 
most of which logically follow upon a consideration of the pathophysiology 
involved*'• . One of the signs not mentioned as a usual finding is ab¬ 
sorption of the terminal phalanges of the hand with clubbing which is not 
41 
of the usual type . The pulp of the fingers appears flabby and the fin¬ 
ger tips are shortened. The findings in this series are outlined in Ta¬ 
ble in and the relative frequency of these findings is, for the most part, 
what would be expected. It is interesting that only two patients demon¬ 
strated subperiosteal bone resorption on hand films even though it is 
aiaoa&sKI IsHastelliO &ao tboutahi uiiaOir.oxCI 
Jd^/jotd nadd r/arl alxoi nrSioagsib lo -zsdmuzi * atsoy 9.d$ t®vO 
sij&ftcjrtacT a ot lluor 1.V ylamst ix© ©«J a. , tiorro yitso arij yiLs&^Cj&o 
- coqmi iaojm ©ria (ictedotfl »aoliom/ltaqyii biOT*nJ*'i&q lo ©onsas'iq ©ifcr 
^civlg S3*lc Jet.il ©iiJ iii i/ci^iqei;* 1c xs&ol dgiri e ai bis oBbongsio ins! 
amoJqmya to 3j»$xc axiJ lo lo y to 3a id t? o3 .•cites#* liBotcj 
^ioaenao a ©*£ jqr-wollol u»tO|iY .toi/a/Is>cf isatoilo no no Boa a ©ill fti 
su um ktmaim sat afroJbH i * tola id laolrrlio axil ©i oc&siot filir-7 
aaaaexb ©rfi lo inainc/Iovo.b lo »t>t09 > ^riiiu ildst:* m qXoii ©/noa 1© 
1 t i>::3aid Xct! 3.. > ... If : s:u v-o- ©"•*• >'-v U a. n ;bs si; ,riox.a as « 06 
yitesoat stom bits tsasrioO has qmsO l£?i ai . rat ibio tyriistsqiaqyri 
,©aiis*«ib aid! , l ag.il cA .oj^olcm^inaot ©xiJ booilltc dgj/1 
Y^oIoiaydqo/iJscj; sdJ lo votes ishisnoo s noq; woli'ol yUxai^cI dbiffar lo xaom 
ip re 
- t banoHnsm joa nijgia oifl lo ©iiO . 1 ^bsvJovoi 
lo.o al doiriw goidtLiio dJrw bflsrf ©iU lo aagfl. Icr.U ij&r.jmtsi o<I3 io no Ho to a 
-nil »ri3 bos yddsll stsoqqs eta go 11 odi Ip qlsjq ©iIT . **cqy J is. 'ax; ©lii lo 
- .." n* be ..lit ■) *•»•** * -uTL'j.i ".his sti a^ui*'**;! •<«!'." ..t sa*Jtoda ©ts t©* 
,3t*\; Jeon; ©;.> to l<ai « ail ©asiii It. ’(one'-p©*! avilslst o 3 bnx> III oic. 
• r.ox.*9:- o- ; \L.o terii j:/tie at i I a*, it ♦ ' x3;>©q ©d 1 ujcjv teriv, 
cl li d§iK>i:i .nsva isr IB basil no ooxiqt .Bit cood Zsateoitsqdna Jte&Ua 
- 16 - 
supposedly a dependable and important finding which occurs only in pri- 
80 
mary and secondary hyperparathyroidism , In fact* unless cysts are 
present which cause pathological fractures, Pugh recommends that only 
the hands, teeth, and skull be examined roentgenologically8i. In the 
same manner, only one patient had loss of his lamina dura on dental 
films. As an incidental Ending, three patients had single large or small 
bowel diverticula. Radiologic examination of the neck and mediastinum 
with barium swallow can often be of help in locating the position of an 
adenoma preoperatively if it is of sufficient size and is in such a position 
that it impinges on the trachea or esophagus, or if it contains calcium . 
The experience at this center has been such that six examinations yielded 
information while seven did not, so it is a helpful aid both to the diag- 
nostician and the surgeon. 
The laboratory diagnosis of hyperparathyroidism leaves something 
to be desired, but a combination of tests is usually successful. The old¬ 
est and still most useful method of diagnosing primary parathyroid hyper¬ 
function is the determination of the serum calcium and inorganic phos¬ 
phorus levels. Serial determinations which show an elevated serum cal¬ 
cium (normal 9.6 to 11 milligrams percent) and a depressed serum phos¬ 
phorus (normal 3.5 to 4.2 milligrams percent) are considered to be 
diagnostic. Since the serum calcium is a measure of the ionic as well 
as the protein bound calcium, the serum proteins must always be deter¬ 
mined as well since aberrations in these are directly proportional to 
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aberrations in the serum calcium, although the converse is not true. 
A low serum protein could conceivably conceal a truly elevated serum 
calcium. Recently it has become evident that more cases are appearing 
with a normal serum calcium level, possibly due to dietary factors so 
that calcium levels of 10.5 milligrams percent are now considered ele- 
vatedfc . The inorganic phosphorus is not affected this way so more 
stress has been placed on the significance of a low serum phosphorus, 
but even this is not always dependable; and then too, if renal failure en- 
29 
sues, the level is usually raised . These difficulties caused investi¬ 
gators to look elsewhere and besides this, even an elevated serum cal¬ 
cium is not pathognomonic. The Sulkowitch test is merely an aid in 
diagnosis but it is not specific enough*®. The same is true of balance 
studies. Placing a patient on a low calcium diet and then following his 
urinary excretion of calcium is a helpful test, but it does not differenti¬ 
ate hyperparathyroidism from other hypercalciurias, and it is also not 
helpful when there is renal insufficiency^®. The phosphate deprivation 
test operates on the principle that the derangements of the disease will 
be accentuated by a low intake of phosphate, but skeletal and muscular 
release of endogenous stores often confuse the results^®. Results with 
the calcium tolerance test®^ are often not what would be expected in 
hyperparathyroid subjects and a normal response is not inconsistent 
with the diagnosis^®. Also, this test must not be used in patients with 
cardiac or renal disease or in patients with high serum levels of calcium 
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TABLE HI. 
FREQUENCY OF PARTICULAR X-RAY FINDINGS 
No. of Patients Incidence 
Generalized osteoporosis 15 60% 
Bone cysts 9 36% 
Fractures 8 32% 
Giant cell tumors 1 4% 
Clubbing 1 4% 
Granular appearing skull 9 36% 
Subperiosteal bone resorption 2 8% 
Loss of lamina dura 1 4% 
CalciBed soft tissues 10 40% 
Nephr oc alcinosi s 8 32% 
Renal* ureteral* or vesicle calculi 12 48% 
Bowel diverticulum 3 12% 
Peptic ulceration 2 8% 
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29 because of the danger of crisis . The cortisone test depends on the 
fact that an elevated serum calcium due to hyperparathyroidism will 
not be lowered by the administration of cortisone^®. It is not particular® 
ly helpful when the serum levels of calcium are not elevated. More re¬ 
cently* stress has been placed on measurement of phosphate clearance 
expressed as a ratio of the clearance of phosphorus to the clearance of 
creatinine (Cp/Ccr) and emphasis has also been placed on a related 
measurement* the percentage of tubular reabsorption of phosphate 
(TRP)^i#®^. There are difficulties due to variations of clearance in the 
same individual and also because of difficulties concerned in the mech¬ 
anics of the test* but these are probably the most useful tools available 
now. If renal failure is present however, the latter two tests are of 
dubious value^. Alkaline phosphatase, NPN and PSP excretion tests 
are useful in assessing the degree to which the disease has developed. 
There are several other tests but the latter are the main examinations 
42 in common use* and there are also tests in the process of development. 
In this study the determinations of the serum calcium and phosphorus 
levels were the most reliable criteria for diagnosis. The average prco¬ 
operative serum levels in 24 patients with essentially normal serum 
proteins was 13.41 milligrams percent of calcium and 3.14 milligrams 
percent of phosphorus. The one patient who did not have determinations 
preoperatively was thought to have a thyroid nodule. Average calcium 
levels were above 12 milligrams percent in all but four patients. In two 
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of the four in whom the average serum levels were 10.91 and 10.27 
milligrams percent, serial determinations showed that the levels were 
elevated. In a third patient who had an average of 10.28 milligrams per¬ 
cent, the average serum phosphorus level was 1.9 milligrams percent 
and it was also low in one of the two latter patients. The fourth patient 
whose serum calcium and phosphorus levels were 9.56 and 4.84 milli¬ 
grams percent respectively had only one determination before death. 
The average serum phosphorus was 3.14 milligrams percent with levels 
above 3.50 milligrams percent in only six patients, all of whom had 
evidence of severe impairment of renal function. In every case, if 
available serial determinations were studied the diagnosis of parathyroid 
hyperfunction was strongly indicated. 
Specialized studies were performed on only four patients in this 
sexies and all four had characteristic serum findings. McGeown defines 
the normal range of the Cp/Ccr ratio as less than 10 percent^. One 
patient had a ratio of 18.49 and 21.77 percent on two determinations. 
Urinary balance studies were within normal limits and a calcium toler¬ 
ance test was compatible with the diagnosis. Another patient had a Cp/Ccr 
of 33 percent and a 24 hour urinary excretion of 200 milligrams, which 
is over twice the normal. A third patient had a Cp/Ccr of 31.38, 29.35, 
and 30.95 percent on three determinations with a normal 24 hour ex¬ 
cretion of phosphorus. The last patient had a Cp/Ccr of 14 percent with 
a normal TRP. A cortisone test was compatible with the diagnosis. Ob¬ 
viously, not enough experience has been gained in the use of these studies 
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but they are certainly worth the effort. This is especially true with re¬ 
gard to the TRP determination. Serial serum examinations are extreme¬ 
ly valuable, but a combination of some of the more specialised tests may 
be helpful. It would seem that chemical tests are the only real basis for 
early diagnosis and treatment* especially when serum levels of calcium 
and phosphorus are ambiguous. 
Additional Cases 
In six cases other than the 25 already discussed* diagnosis is 
probable although not proven. Case I is a 73 year old woman with hyper- 
tension* recurrent renal calculi* and pyelonephritis but no bone disease. 
Serum calcium is elevated and phosphorus depressed. She has a 24 
hour urinary calcium of over 200 milligrams while on calcium restriction 
and her Cp/Ccr is 26.4 percent. Neck exploration was negative and she 
is awaiting a mediastinal exploration. Case II was a 54 year old female 
with renal lithiasis, fatigue* an increased serum calcium and a de¬ 
pressed serum phosphorus. She was lost to follow-up. Case HI is a 
22 year old male with renal calculi* pyelonephritis* hypertension* ele¬ 
vated serum calcium and depressed phosphorus who is still being followed. 
Case IV is a male of unrecorded age who had nephrocalcinosis and typical 
serum findings. Surgical exploration was negative and he has since been 
lost to follow-up. Case V is a 56 year old female with hypertension* 
nephrocalcinosis and osteoporosis, soft tissue calcification* typical serum 
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findings, but a normal Cp/Ccr. Neck exploration was performed and 
tissue was removed but pathologic examination was inadequate except 
to say that the specimen was parathyroid* Serum values became nor¬ 
mal after operation* The sixth case is that of a 74 year old female 
with hypertension, osteoporosis, bone cysts, elevated serum calcium 
and low serum phosphorus. She was unsuccessfully operated on twice 
with no change after the first procedure but reversal of serum findings 
after the second neck operation* In this case one might well postulate 
necrosis of an unseen adenoma due to surgical trauma. This is not un¬ 
known and seems likely in this case^. These are all cases in which 
more extensive laboratory work-ups might have been of value. One 
final form of the disease which we have not experienced is intermittent 
hyperparathyroidism^; and, here too, the laboratory might be helpful. 
Differential Diagnosis 
The differential diagnosis involved in hypercalcemia and hyper¬ 
parathyroidism should not be a difficult matter if all aspects of the diag¬ 
nostic work-up are considered* One of the prominent confusing disorders 
is the milk-alkali syndrome but history and the absence of hypercalciuria 
and hypophosphatemia should make the differential2^. Hypervitaminosis 
D resembles hyperparathyroidism very closely but the history of excess¬ 
ive iriake is helpful and also there is often very extensive soft tissue cal¬ 
cification, more extensive than that seen in hyperparathyroidism^’ 
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Multiple myeloma may be ruled out by the presence of Bence Jones 
protein in the urine or of myeloma cells in the bone marrow. Also, 
the alkaline phosphatase is normal in multiple myeloma whereas it 
would be elevated in hyperparathyroidism with bone findings . Pro¬ 
longed immobilization also produces hypercalcemia but the history, nor¬ 
mal serum phosphorus and normal alkaline phosphatase differentiate it 
from parathyrbid disease4* . Sarcoidosis produces tremendous pro- 
teinemia and any osseous changes which occur are usually limited to 
*» 
the hands and feet. History of testosterone administration or obvious 
historical features of various endocrine disorders such as thyrotoxi¬ 
cosis should rule out some other causes of osteoporosis. Metastatic 
cancer to bone may also give suggestive findings but demonstration of 
a primary tumor would be the basis of the differential. Tumor without 
metastasis has also been reported to cause confusion with the postulation 
85 
that some tumors may produce a parathormone-like substance . Again, 
the demonstration of such a tumor would be crucial. These are the 
main differential diagnoses although there are additional causes of hyper¬ 
calcemia which simulate hyperparathyroidism, but careful attention to 
details of history and laboratory findings should make the differential 
without difficulty even in the early cases. 
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Pathology 
By 1935 it had become evident that the pathology of hyperpara¬ 
thyroidism was a complicated matter with respect to the parathyroid 
glands themselves. In that year Castleman and Mallory gave an exten¬ 
sive description of what histology might be found and they presented a 
classification . Three general categories are now known. The first 
group would be by far the most common type of pathology encountered, 
adenomas. Both Castleman's and Black's experiences are in agreement 
and their figures state that adenomas are to be expected in about 39 per¬ 
cent of cases*®*2’®. Eighty percent will be solitary and the remainder 
will be multiple. Histologically, over 90 percent of the adenomas will 
be of the chief cell type or variants and a small number may be Wasser- 
helle (water-dear) cell adenomas. The latter sometimes cause diffi¬ 
culty in that the surgeon is confronted with the problem of differentiating 
an adenoma from generalised hyperplasia, the second most common 
type of pathology, which is present about ten percent of the time. Even 
though it is usually the case with an adenoma that the uninvolved glands 
are atrophic, this distinction is not always an easy one^. Hyperplasia 
involves enlargement of all four glands with a predominance of one cell 
type. Wasserhelle hyperplasia is the most common type but chief cell 
hyperplasia does occur. The last category is that of carcinoma of one 
gland accounting for about one percent of cases. Besides having certain 
histologic appearances, a carcinoma enountered in the course of surgery 
- V, ... .. ■> - S" J ... » A . t v ... 
i..9tl5 i l:si)v<i&-x AM *9*3 sr .: :> * s^w /*»?.; .jhrrfi'*? 
. I; 
. \*dl > -rroi sc ixljiifi V£oio*etirf is»iw ic nolSqJt'tzznb svla 
... . • v • • _ ••- « • ... L 
t -ODjcr.o vy .: . t. dr vj om . ;*d *;tc «;* *4: yi *»«’ ' iirr-v 
.a-. •■:•:• > * '> ■ .. j .1 ' . . , .. ■ . 
~*i>q £B *iro<fo al bstzaqxa 9(f c* 9U asxno/jsbs isxl* oisi* aaix/gft 'isatii ben 
ia.'. ,oa»cl8»i/ 
•••* *> * . / io: : . i'. .’• 9 J.’. 
a a Aiu&i-tmr ic sq\i 11© > s/I* lo so 
I a- o - ...J s . . • . lio -rrsl.s } ail-j/ 
y 'io si •■: • i .jiw 'sirosirvio ai nosgiura odi tsdi al \lLiO 
* • . 
;jo< * - cub liisastq ll Hauv ,\’goloil*£q feo sqyi 
v OD Ij Jbsvlov^iai; s/1* J£t * vaon&bB m, dibit 0 3-ao s?I* vliez/eu ai ii ri^.tori: 
, -loqyK J^aoo x«m as r{BwIs kui e 
ico osio lo o'jn !;"i n a*/ n iiiv? luol Us ’lo Jrracrisg/cLrs aavlorni 
. v. . 
. ...*•• ?1 -•••.■ ?• ■■•••• a ' ' .r ■ < ■> . ... ' ' s ;; 
,. .--ib )■ . ;a . !:•-.••. • • ■ .. or',.; .mu,J;.; 
. .. /. .. .. i '■ « . - • 
25 - 
is found to be densely adherent to adjacent structures whereas an ad¬ 
enoma. is usually able to be shelled away with ease. The primary mani¬ 
festation is invasion of contiguous structures, and remote metastasis 
most often is to the lungs or Ever, although it is late^£% On this ac¬ 
count, Cope advises that an enlarged densely adherent gland should be 
removed in toto rather than snbtotally for biopsy at operation , 
The normal parathyroid weighs from 30 to 40 milligrams^ and 
measures 6 to 7 millimeters x 3 to 4 millimeters x 1,5 to 2 millimeters * . 
Accor ding to Black, adenomas may range in weight from normal to 100 
grams or more. In cases with hyperplasia, the total weight of resected 
tissue in the Mayo CHnic series ranged from 1.4 to 52,5 grams1^, 
Also, in hyperplasia the color of the tissue is characteristically choco¬ 
late brown whereas in adenomas the color usually is dark red brown, 
but this varies with the amount of fat present . The relative location of 
these tumors will be discussed later. 
In this series 24 patients had demonstrable pathology. In the case 
of one additional patient, although no pathology was found at two opera¬ 
tions, the diagnosis was felt to be definite on clinical and laboratory 
grounds. Twenty-two patients had the diagnosis proven at surgery and 
two at autopsy. Twenty-two patients had a total of 25 adenomas with 3 of 
t 
these having two adenomas each. Two patients each had a single Wasser- 
helle adenoma and 20 patients had chief cell adenomas or variants of this. 
One patient had primary Wasserhelle hyperplasia involving all of his para- 
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thyroids and one patient had a carcinoma without local or distant met as- 
45 
tasis. The latter patient was treated elsewhere and has been reported ~ . 
This clinic has followed this patient and he is now doing well over four 
years after surgery. Percentage-wise, 92 percent of patients had ad¬ 
enomas, SO percent being solitary and 12 percent double. Four percent 
had primary hyperplasia and the same amount had carcinoma. These 
figures essentially agree with what might be expected although the series 
is too small to be statistically valid in its entirety. 
The adenomas found in this group of patients ranged in weight from 
341 milligrams to 8 grams with an average of 3.2 grams. The size varied 
from 10 x 6 x 5 millimeters to 25 x 25 x 25 millimeters with an average of 
25 x 16 x 10 millimeters. None of the adenomas fell within the range of 
normal but about 25 percent of them were small enough tc be expected 
to cause difficulty at surgery. For the most part, the smaller tumors 
were found more recently so if cases are being diagnosed earlier it will 
have to be accepted that the surgical treatment will be more challenging. 
According to Castlemen there is a correlation between the size of an ad¬ 
enoma and the level of the serum calcium^. In this study this only held 
true when the tumors were as large as five grams or more. The carcin¬ 
oma measured 40 x 30 x 10 millimeters and three of the glands found in 
the patient with hyperplasia averaged 24 x 18 x 10 millimeters. Only nine 
of the 24 patients had clinically palpable pathology preoperatively so the 
absence of a neck mass certainly means nothing as far as this disease is 
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concerned. In fact* it has been said that in a hyperparathyroid patient* 
a palpable nodule in the thyroid area usually turns out to be a thyroid 
49 
nodule . 
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Treatment 
The only accepted treatment of primary hyperparathyroidism is 
surgicalAlbright and Reifenstein have reviewed other approaches to 
a 
treatment and also came to this conclusion . High calcium or phosphate 
intake enhance the disease process, but restriction of the latter and hy¬ 
dration are of some help in preparing a patient for surgery. X-ray 
irradiation has been tried in the past, but this is generally believed to 
be inadequate and no convincing reports of successful x-ray treatment 
are available. Over the years the surgical approach to the problem has 
not changed a great deal since it has been based on the anatomy and 
embryology of the glands. 
The surgery for parathyroid hyperfunction is not an easy matter. 
The main problem is to End the glands, and this is difficult if they are 
small or abnormally located. Reference has already been made to the 
appearance and size of both normal and pathological glands, but it should 
be noted again that about 25 percent of the adenomas found in this series 
were small enough to be considered hard to find. As far as location is 
concerned, Gilmour states that over 90 percent of the superior glands 
are located above the lower third of the thyroid on its posterior or medial 
surface and that 95 percent of the inferior glands are located in the 
vicinity of the inferior poles of the thyroid with an additional three per¬ 
cent between three and six centimeters below the level of the thyroid^. 
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Kirk recently reviewed the embryology of the parathyroids and stressed 
the possibilities of anomalous position^. Such anomalous position may 
be found anywhere from the upper border of the larynx in the neck to 
the level of the diaphragm in the mediastinum, and adenomas have been 
found within the pericardium. Embryologically, tumors may be found 
anywhere between the bounds of the prevertebral fascia posteriorly and 
32 
the deep layer of the middle cervical fascia anteriorly . The inferior 
glands may be found within the thymus. Rare true intracapsular intra¬ 
thyroid position has been found; it is usually the case that an intrathy¬ 
roid adenoma is wedged into a sulcus. Kirk also stressed the point that 
adenomas displaced by migration will all have a vascular pedicle from 
the inferior thyroid artery whereas if it is anomalous placement by de¬ 
velopment it will have local blood supply. The latter type will only occur 
in the anterior mediastinum according to Black‘d, From Gilmour's 
studies and also from Black1 s experience, one would expect to find para¬ 
thyroids through a cervical approach in over 95 percent of cases, and 
although about seven percent had mediastinotomy in Black's series, it 
was probably necessary in less than two percent. 
As far as the technique itself is concerned, several excellent re¬ 
views of the subject have been written already by Chruchill, Cope, Black, 
Hellstrom, Rienhoff and others^* 32,38,59*82^ j^e iatt;er two differ 
from the group in that they feel that if it is decided to do a mediastinal 
exploration, it should be done as soon as possible. The others concur in 
hir-.zs'ria fcoa HbX&iyrfiaiaq dii^k ygoloyicfaBta adi bawsivst yliasoai l 
•y V 
£/t rvoiitfioq auelaxro n.o ri u'. , aoiliaoq srroXaaiona lo c»iiiIidia»oq QilJ 
0$ Aoott 9ilt til xaryial 91 it lo is . 100 rsaqqj. »di i.toil aiadwyaa umjol ad 
*£>c 9 se.i • 1 -—if? .a : , , s/niiaaibo .1 *• >'j !q*itb e> di io !*• si .■ ■ 
. .. ';... . •: :jO'. TO. . ••-. • a - - •• or \. : . 
as toi's9tnoq si - axsi U’xdaiiavaiq 9xiJ lu a_n«od 91U xiasv/iad ai9d\.vytf* 
*:: i79i/ji adT yltf - . . : .-.. A.. ^ 
-x-xinx ,xalx/&qsoa<xiai 9trti aiaH . zumydl 9tit nidtiw baud »d ystrt aLxij&ig 
~ydt£iitil na lads yilftt/au ai il {NlW>l used ead noiiiaoq biciydi 
J/;/ii ixiioq 5ft, baat 9 tie cals ,iii£i ,suolua a oars! fragx sw «i nmor sri Uiot 
fno*xl£ ©iolbaq ialu aav a avad He iUw r j c. . r- 1 r.. .* 
•®Jb yd iaairtaDxiq axroJLamona ai il 11 eenTartw yxolia btoiyrii toltshix 9th 
ti ODO yl«o llxw acyl J orlT .yiqqre bold JLe .oi 9vad 11 iw il iaaxxqolsv 
8*nxjromIiO rnoi'i . ***d:>alfl oi gnibioooa mi/aiiaaibem loiiotaa adi g| 
-aiaq (mil oi io»q*» m ..* •- i. .aonahtsiqra a*;J.aict r*:oil oels ins a ai; : ^ 
fra ,393x0 lo inaoiaq 5‘? *avo nl doaoiqqa Xaai'/^raa a djjx/oirfi abtoiydi 
. i , aai": a. i*.. h oroxA . *'••■ :tKv asvsa loot's ■ori:I“. 
.1 aoisq ov l iiarfJ aas: ai isaaaooa yidsdoiq axv. 
- t jO) U* L tv 9- , 9X19 *.ctoo u • llsaii. 9 ;• ariosi ail? as lal a/ 
,9qoD ,iIiriDinrlC> yd ybasnla aajiix r n99o 9vr,d *d1 lo awsiv 
lolliL ow laix.oo >riT . ,^< ^. vaiiio b«a 11< Hns.H ,m« ..Hail 
1 .Aii«ait9;fj a c > oi >oM:>9l> ai ii 11 iaxll X99I yadl iani ni quoig 9At mroil 
:*: , ). :.V> •••;••. I:.'. -- * .0 . y no oa <.x • M. onu ii ,o*. ii«i* -[q:io 
- 30 - 
the belief that about a three months1 interval should be allowed just in 
case the neck dissection might have caused necrosis in a tumor not seen 
at operation. However, considering the fact that only about two percent 
of cases should require mediastinal exploration, very careful study should 
be made of the neck dissection first, and one might wonder if re-explora¬ 
tion of the neck might be more fruitful than mediastinotomy after one 
neck exploration. It certainly behooves the surgeon to be completely 
familiar with the anatomy and embryology involved, and Cope suggests 
that this knowledge should be gained at the postmortem table. In addi¬ 
tion to the surgeon, however, an experienced pathologist must be avail¬ 
able to interpret frozen sections taken at the time of surgery. 
In this series of cases 23 patients had surgery performed and in 
all but one, pathology was found. In this one patient difficulty was en¬ 
countered in locating the parathyroids and 17 days later a sternotomy 
was performed with negative results. The patient still had definite evi¬ 
dence of hyperfunction and was referred elsewhere for possible further 
surgery. It would seem that it might have been well to do more extensive 
cervical dissection in this case before attempting sternotomy. Also, 
ideal procedure would have been to identify three atrophic glands in the 
neck as well a6 the absence of an adenoma which would presumably have 
been located in the mediastinum^. In the 19 patients with single adenomas 
and three with double adenomas the locations were predominantly in the 
neck. Three were found in the right upper gland, four in the left upper; 
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seven were found in the right lower gland, and two of these were mis¬ 
placed. One was in the anterior superior mediastinum just below the 
sternal notch and one which required mediastinal exploration was found 
in the posterior superior mediastinum between the trachea and esophagus. 
Ten adenomas were found in the left lower gland. One more was found on 
the right but it could not be determined whether it was the superior or 
the inferior gland. Hence, 71 percent of the adenomas were in the lower 
glands and only one could not be reached through the cervical incision. 
Twelve adenomas were found on the right and 13 on the left. One patient 
was found to have two hyperplastic glands at surgery which were re¬ 
moved. She died of pneumonia on the second postoperative day and at 
autopsy another hyperplastic gland was found in the posterior superior 
mediastinum between the trachea and esophagus and behind the carotid 
sheath. The fourth gland was never found. Ideally, one would identify 
all four hyperplastic glands at operation and remove all but a portion 
24 
three to four times normal size in order to avoid severe tetany , In 
the one case with carcinoma, the gland was found in the right inferior 
position and it was densely adherent to local structures. As mentioned 
before, adherence forebodes carcinoma, and it is better to remove such 
glands completely rather than to perform biopsy first. Biopsy of re¬ 
gional lymph nodes should be performed and, if positive, a neck dis¬ 
section should be done on the side of the lesion. Careful follow-ups 
should be made as well. It is undecided whether radical dissection in 
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the absence of palpably enlarged nodes is of any value. 
As one can see from what has been said, there are several 
reasons for failure in treating hyperparathyroidism. If the surgeon 
is not completely familiar with the problem, his dissection will be in¬ 
adequate. If he does not identify as many glands as possible, he will 
miss multiple adenomas or generalized hyperplasia. Even with good 
technique a surgeon may miss adenomas within the thymus or thyroid 
or those behind the esophagus, especially if the tumors are soft. Hells- 
trom suggests that the position is very rarely indicated by x-ray, al¬ 
though our results have been more successful, and he suggests that the 
surgeon should do Hamilton's test for parathyroid hormone on the blood 
from both innominate veins with the hope that at least the correct side 
will be indicated by a higher level of hormone^. This has not been eval¬ 
uated. Other methods of locating tumors have been tried but not with a 
great deal of success. The application of subclavian arteriography was 
87 introduced by Seldinger , and Aird and his group have suggested the 
use of inferior thyroid arteriography at the time of operation^*. More 
experience will have to be gained in this regard, but Wyndham already 
feels that if the adenomas are shown by arteriography, they are probably 
large enough to be seen anyhow^. It would seem logical, however, that 
such techniques might be useful when glands could not be found at the time 
of neck dissection because of anomalous location. Still and all, the best 
aid is painstaking, bloodless dissection of the neck primarily, with 
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close attention paid to the details of embryology, color and topography. 
One final word should be said about the treatment of acute hyper¬ 
parathyroidism. Since this is a fast-moving and potentially fatal form 
of parathyroid dysfunction, it is felt that surgery should be performed 
on an emergency basis, preferably with some preparation by hydration*^. 
Hews on suggests that chelating agents such as EDTA may be helpful in 
lowering the serum calcium prior to surgery^. Probably the greatest 
help would be awareness of such complications as crisis and then rapid 
initiation of treatment once the process became evident. 
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Results o£ Surgery and Complications 
In general it can be said that the postoperative course of a patient 
who has had a parathyroid adenoma removed is a benign one. Gastro¬ 
intestinal symptoms clear up for the most part^. In a day or two after 
removal of the adenoma, the serum calcium falls to normal levels and 
the serum phosphorus rises in most cases( but if bone disease is pre¬ 
sent , the serum calcium may fall to subnormal levels'^. The bones 
will recalcify although cysts will remain*^. Even though rare cases of 
improvement of renal function have been reported postoperatively^, 
nephrocalcinosis and renal damage are considered to be irreversible. 
This latter fact leads to a very serious complication and that is rapid 
progressive renal failure. In St. Goar's series three patients with high 
serum phosphorus levels and NPN's over 40 milligrams percent went 
g 
into renal failure postoperatively . This is not uncommon, and it is 
known that renal damage and hypertension will continue to progress^. 
Part of the explanation for rapid progressive renal failure postoperative¬ 
ly might be the oliguria which occurs during the Erst 24 hours caused by 
the sudden withdrawal of parathormone which has a polyuric effect» 
Black suggests that adequate hydration be given parenterally during the 
first 24 hours on this account22. Rienhoff has also pointed out that soft 
tissue calcification remains even after successful removal of a tumor^2. 
Complications due to operative trauma are not unknown and call for 
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strict adherence to careful technique. These difficulties would include 
damage to the recurrent laryngeal nerve with vocal cord paralysis which 
occurred in two of our cases* and also rough handling of tissues causing 
destruction or hemorrhage into remaining parathyroid tissue with subse¬ 
quent tetany. Tetany la a special problem in itself. Some symptoms of 
hypoparathyroidism following removal of an adenoma are common. They 
take the form of tingling of the hands and feet* and Trousseau and Chvostek 
signs are positive. If too much tissue has been removed or if severe 
bone disease was present* severe tetany may ensue and lead to death. 
Treatment must be rapid and it has been suggested by Lichtenstein and 
Levy that 100 cc. of 10 percent calcium gjhconate in 1000 cc. of dextrose 
in N/2 saline be given intravenously. For maintenance of patients with 
chronic symptoms* they recommend AT 10, one to three cubic centi¬ 
meters daily until a three plus Sulkowitch reaction is obtained and then 
one cubic centimeter three times weekly; vitamin 50,000 to 300,000 
units daily; aluminum hydroxide* 30 cc. four times daily; and calcium 
lactate* 10 grams orally three times daily^. Serum calcium levels are 
followed as well of course. Now that drug therapy is available* tetany is 
less of a worry. In one of the cases in this hospital's series, a portion of 
an adenoma was transplanted into the right Latissimus dorsi muscle. 
Nine months later it was removed and found to be non-functional, and it 
is impossible to say whether it was ever functional since serum calcium 
levels came up slowly postoperatively after a big drop and maintained 
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themselves at normal levels. Successful transplants have been recorded 
and one in particular was reported to be functioning two years after im- 
0-2 
plantation . Recently* more work has been done in the field of magnes¬ 
ium metabolism and cases of tetany which were unresponsive to the usual 
therapy responded to magnesium sulfate. It is felt that some cases will 
show this as a result of hypomagnesemia rather than hypocalcemia^, 
In this series of 23 surgical and two autopsy cases* there were nine 
known deaths which are outlined in Table IV. It would seem that renal 
compli cations are to be feared most of all. There was one unsuccessful 
operation which has been mentioned. Follow-ups in 15 patients not 
known to be dead* range from zero time to six years and all patients 
about whom information is available have been relieved of the majority 
of their constitutional* bone* gastrointestinal* and renal symptoms. One 
patient with hypertension had a cerebrovascular accident eight months 
after operation and this patient and two others who have been followed 
for one to four years have evidence of progressive renal damage. Of ten 
patients with an elevated NPN preoperatively* there was only one patient 
whose NPN fell to normal postoperatively* and that was the patient who 
had manifestations of acute hyperparathyroidism. Five patients with 
severe bone disease had x-ray evidence of improvement from four to 
seven months after operation. 
Serum determinations were available on 20 patients who were suc¬ 
cessfully treated and the findings are fairly characteristic. The average 
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postoperative serum calcium was 9.75 milligrams percent and the 
average serum phosphorus was 3.63 milligrams percent. Four patients 
took from three to five months to attain normal serum calcium levels 
although the others achieved this within 24 hours. Three patients had 
somewhat elevated serum phosphorus levels after surgery but these were 
the results of single determinations and since no further follow-up was 
possible* no comment can be made about this. Six patients had post¬ 
operative determinations of alkaline phosphatase* and in four of these 
the levels were higher in the postoperative period* probably as a result 
of increased reconstructive activity in bone. Sixteen patients had infor¬ 
mation available with respect to symptoms of tetany. Five patients had 
no symptoms whatsoever. Fight had slight transient symptoms of ting¬ 
ling of the hands and feet* nervousness* and transient Trousseau and 
Ghvostek signs. Only three patients had severe tetany, and all had evi¬ 
dence of severe bone disease. One of the latter three patients who had 
a carcinoma removed also had recurrent attacks of pancreatitis postopera- 
tively, a phenomenon which has been noted before in parathyroid carci- 
67 
noma patients . 
There are lessons to be learned from a study of the postoperative 
course of these patients. First, neck dissection should be done with ex¬ 
treme care to avoid recurrent nerve paralysis and destruction of remain¬ 
ing parathyroid tissue. Second, most patients will improve after opera¬ 
tion except those with severe renal disease and this should give us the 
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incentive to make earlier diagnoses. Third, extreme care should be 
taken in those with severe renal disease since they may be thrown into 
renal failure by surgery. Fourth, severe tetany does occur and it should 
be watched for and rapidly treated. Mild tetany is to be expected in 
practically all cases. 
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TABLE IV. 
DEATHS - 9 cases 
Causes 
1 • Bronchopneumonia 
2. Malignant hypertension and renal failure 
3* Dissecting aortic aneurism 
4. Renal failure 
5. Renal failure 
6. Left lower lobe pneumonia 
7. Hypertension and congestive heart 
failure 
3. Pneumonia* hypertension* pyelone¬ 
phritis 
9. ?Septicemia or aspiration 
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Summary and Conclusions 
1. Some information concerning the history and pathophysiology 
of hyperparathyroidism is discussed. 
Z, The natural history of primary hyperparathyroidism is out¬ 
lined with relation to 25 proven cases seen at the Yale-New Haven Medi¬ 
cal Center. The sex incidence in this study was about equal and the 
average age was 43 years. Those with bone disease had symptoms a 
year longer than those with only renal disease. Renal symptoms and 
hypertension were the most common manifestations followed by skele¬ 
tal symptoms and general symptoms such as weight loss, fatigue, 
weakness, constipation and arterial calcification. Skeletal symptoms 
are decreasing in incidence as diagnoses are being made earlier. One 
case of acute hyperparathyroidism is discussed. Gastrointestinal 
symptoms were early manifestations and it is hoped that a knowledge 
and awareness of these and other early signs will lead to early diag¬ 
nosis. Considering the number of diagnoses made in recent years, it 
is probable that an appreciable number of cases may have been overlooked. 
3. A number of the various diagnostic tools are discussed. A 
high index of suspicion and careful attention to the details of history are 
important along with frequent follow-ups. Radiologic examinations give 
information about the development of the disease and, in this series, 
neck studies were helpful in six out of 13 instances. Of the laboratory 
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tests, serial serum calcium and phosphorus determinations are still 
the most specific by far. Other tests are described but limited exper¬ 
ience allowed only limited evaluation. It is thought that the percent 
TRP test may be of some value but a combination of tests is even bet¬ 
ter . Information is also presented on six cases in which the diagnosis 
was probable but not proven. 
4. Pathologic studies on 24 cases are presented. Nineteen pa¬ 
tients had single adenomas and three had double adenomas. Two pa¬ 
tients had single Wasserhelie adenomas and all the rest were chief cell 
types. One patient each had generalized hyperplasia and carcinoma. 
The average weight of the adenomas was 3.2 grams with 25 percent of 
these being one gram or less and thus being hard to find. Nine of the 
24 patients had palpable pathology. 
5. Medical, radiologic and surgical methods of treatment are 
discussed. Surgery is the only effective method and stress is placed on 
careful technique taking details of the embryology and anatomy of the 
parathyroid glands into account. Over 95 percent of cases should be 
cured by a cervical approach. Seventy-one percent of adenomas occurred 
in the inferior glands and there was no right or left-sided predomi¬ 
nance. Reasons for failure are discussed and rigid adherence to proper 
technique is most important in this respect. Some newer methods of 
locating the pathology are discussed but not enough experience has been 
gained to evaluate them. Treatment of acute hyperparathyroidism is 
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also discussed and stress is placed on recognition of this process and 
rapid initiation of treatment. 
6, The postoperative 15natural history” is discussed. Most pa¬ 
tients improve with disappearance of practically all symptoms, return 
of serum values to normal levels, and repair of bone disease. Renal 
disease progresses; therefore, it is necessary to diagnose and treat be¬ 
fore permanent renal damage occurs. Most patients experience slight 
symptoms of tingling and nervousness post operatively, but a few with 
severe bone disease will experience severe tetany which must be 
treated rapidly. Again, stress is placed on careful handling of tissues. 
Complications included five cases of progressive renal disease and 
failure, three cases of severe tetany, two cases of vocal cord paraly¬ 
sis, and one case of pancreatitis in the patient with carcinoma. 
7. Finally, our aims for the future should include: 
a. An awareness of the existence of this disease and of its 
symptoms with the aim of catching it in its early stages, 
b. The development of more specific methods of early 
diagnosis, 
c. The development of better surgical techniques and methods 
of locating the offending pathology, and 
d. The avoidance of postoperative complications. 
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